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Research Memoranda are interim reports on research being con- 
ducted by the International Institute for Applied Systems Analysis, 
and as such receive only limited scientific review. Views or opin- 
ions contained herein do not necessarily represent those o f  the 
Institute or o f  the National Member Organizations supporting the 
Institute. 
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
PREFACE 
T h i s  p a p e r  i s  p a r t  o f  t h e  Energy Demand P u b l i c a t i o n  S e r i e s .  
The S e r i e s  r e f l e c t s  t h e  work on  t h i s  b road  s u b j e c t  t h a t  forms  
a ma jo r  l i n e  o f  t h e  IIASA Energy P r o j e c t ' s  a c t i v i t i e s .  A f i r s t  
s t e p  i n  t h e  e c o n o m e t r i c  a n a l y s i s  o f  e n e r g y  demand was a c h i e v e d  
w i t h  t h e  Workshop on  Energy Demand h e l d  i n  May 1975. T h i s  
Confe rence  and  i t s  s u b s e q u e n t  P r o c e e d i n g s  were p r e p a r e d  by 
P r o f .  W.D.  Nordhaus o f  Ya le  U n i v e r s i t y  a n d  w i t h  t h e  s u p p o r t  o f  
t h e  Fo rd  ~ o u n d a t i o n . '  The p l a n  f o r  o u r  e c o n o m e t r i c  s t u d i e s  
was o u t l i n e d  by P.  Tsve tanov  on  t h e  o c c a s i o n  f  t h e  S t a t u s  
Repor t  of  t h e  Energy P r o j e c t  i n  Oc tobe r  1975. 9 
F o l l o w i n g  t h e s e  p u b l i c a t i o n s ,  a number o f  Resea rch  
Memoranda and R e p o r t s  t h a t  h i g h l i g h t  and  s e r v e  t o  c o m p l e t e  t h e  
p r e s e n t a t i o n  of  t h e  v a r i o u s  a s p e c t s  o f  e n e r g y  demand a s  it i s  
d e a l t  w i t h  a t  IIASA have  been  s t a r t e d .  3 
' See  P r o c e e d i n g s  o f  t h e  Workshop on Energy Demand, May 22-23, 
1975,  CP-76-1 ( I n t e r n a t i o n a l  I n s t i t u t e  f o r  App l i ed  Systems 
A n a l y s i s ,  Laxenburg,  A u s t r i a ,  1 9 7 6 ) .  
'see P. Tsve tanov ,  "Econometr ic  A n a l y s i s  o f  Energy Demand 
a t  IIASA, i n  Second S t a t u s  Repor t  o f  t h e  IIASA P r o j e c t  on 
Energy Sys tems ,  RR-76-1 ( I n t e r n a t i o n a l  I n s t i t u t e  f o r  App l i ed  
Systems A n a l y s i s ,  Laxenburg ,  A u s t r i a ,  1 9 7 6 ) .  
3 ~ e e  C l a i r e  D o b l i n  "Data  P r o v i d e d  f o r  t h e  W . D .  Nordhaus 
S t u d y ,  'The Demand f o r  Energy:  An I n t e r n a t i o n a l  P e r s p e c t i v e ' "  
( I n t e r n a t i o n a l  I n s t i t u t e  f o r  App l i ed  Systems A n a l y s i s ,  Laxenburg ,  
A u s t r i a ,  f o r t h c o m i n g ) .  

ABSTRACT 
The e c o n o m e t r i c  a n a l y s i s  o f  e n e r g y  demand o f  a g r o u p  o f  
deve loped  marke t  economy c o u n t r i e s  i s  p a r t  o f  a series o f  
i n t e r n a t i o n a l  e c o n o m e t r i c  a n a l y s i s  s t u d i e s  now underway i n  
t h e  Energy P r o j e c t  a t  IIASA. D e t a i l e d  r e s u l t s  o f  t h i s  s t u d y  
w e r e  p r e s e n t e d  by P r o f e s s o r  Nordhaus a t  t h e  "Workshop on 
Energy Demand" h e l d  May 22-23, 1 9 7 5 .  
The g o a l  o f  t h i s  p a p e r  i s  t o  c o m p l e t e  t h e  p r e s e n t a t i o n  
o f  t h e  s t u d y  and d e a l  w i t h  t h e  set  o f  v a r i a b l e s ,  t h e  s i z e  o f  
t h e  time-series s a m p l e s ,  p r o c e d u r e s  o f  d a t a - t r a n s f o r m a t i o n  
f o r  t h e  a n a l y s i s  o f  i n d i v i d u a l  c o u n t r i e s ,  p o o l i n g  o f  d a t a  f o r  
a n  o v e r a l l  a n a l y s i s  and  t h e  main c h a r a c t e r i s t i c s  o f  t h e  
computer  program u s e d .  W e  t h i n k  t h a t  t h e s e  p r o c e d u r e s  and t h e  
program d e s c r i b e d  a l s o  c o u l d  b e  u s e f u l  f o r  o t h e r  e c o n o m e t r i c  
a p p l i c a t i o n s  a t  IIASA. 
A b r i e f  rgsum6 c o n c e r n i n g  t h e  s c o p e ,  problems and s t a t u s  
o f  i n t e r n a t i o n a l  e n e r g y  demand a n a l y s i s  a t  IIASA i s  i n c l u d e d  
i n  t h e  Annex. 

Procedures and Proaram for the ~conometric Analysis 
of a Group of Developed Market Economy Countries 
1. GENERAL REMARKS 
The econometric analysis of the energy demand of a group 
of market economy countries is part of a series of international 
econometric analysis studies now underway in the IIASA Energy 
Project. The second part of these studies will be an 
econometric analysis of the energy demand of countries with a 
planned economy. Both studies have two steps: first, the 
analysis of the individual countries and, second, the cross- 
sector analysis for countries with the same kind of economy. A 
further step would be an international analysis of energy demand 
of countries with planned and market economies. More details 
concerning the scope, problems and status of this international 
analysis are given in the Annex. 
2. DATA 
The data collected consist of raw data (ALL), transformed 
data (N) and pooled data (POOL). (Names in parentheses are 
file names in the Computer Center.) 
2.1 Oriainal Data 
Three sets of variables are compiled for the econometric 
study: macroeconomic data, energy consumption and energy 
price data. The macroeconomic data include population, gross 
domestic products in constant and current prices, GDP deflators, 
capital goods deflators, consumer price indexes, wage rates 
(salary per hour) and weather statistics (temperature deviation 
from the mean temperature per year and for the first quarter of 
the year). The economic data are given in national currencies. 
Consumption and price data are for four types of energy 
(solid, gaseous and liquid fuels and electricity) and four 
sectors of the economy (domestic or household, transportation, 
industry and energy). Consumption data are in natural units 
(1,000 metric tonnes for coal and liquid fuels, millions m3 at 
4,200 kcal for gaseous, millions kwh for electricity). All 
price data are in national currencies; prices for solid, liquid 
and gaseous fuels are converted from natural untis to Btu (per 
106 ~ t u ) ;  electricity prices are per kwh. 
2 . 2  N o t a t i o n  f o r  t h e  T i m e  S e r i e s  i n  t h e  C o m ~ u t e r  C e n t e r  
The d a t a  are s t o r e d  as t i m e  series,  one  t i m e  series a t  a 
t i m e .  The mean l e n g t h  o f  t h e  t i m e  series i s  1955 t o  1972. 
The t i m e  series are  d i s t r i b u t e d  o v e r  t h r e e  f i l e s  (ALL, N and 
POOL r e s p e c t i v e l y ) .  
The n o t a t i o n  f o r  t h e  t i m e  series i s  t h e  f o l l o w i n g .  Each 
t i m e  series i s  i d e n t i f i e d  by a l a b e l .  The l a b e l s  c o n s i s t  of 
t h r e e  t o  s i x  c h a r a c t e r s  w i t h  a f i x e d  and a v a r i a b l e  p a r t .  The 
f i x e d  p a r t  c o n s i s t s  of one  o r  two l e t t e r s ;  t h e  v a r i a b l e  p a r t  
i s  a n  index  f o r  c o u n t r i e s ,  s e c t o r s  and ene rgy- type ,  as d e s c r i b e d  
below: 
Two c h a r a c t e r  a b b r e v i a t i o n  f o r  c o u n t r i e s :  
F e d e r a l  Repub l i c  o f  Germany, 
I t a l y ,  
N e t h e r l a n d s ,  
F rance  , 
Uni ted  S t a t e s ,  
Un i t ed  Kingdom, 
Belgium; 
( M I  One c h a r a c t e r  a b b r e v i a t i o n  f o r  s e c t o r :  
I I n d u s t r y ,  
T T r a n s p o r t ,  
D Domestic ,  
N Energy I 
0 Other  ( I n d u s t r y  less E n e r g y ) ,  
A Aggregate ;  
( K )  One c h a r a c t e r  a b b r e v i a t i o n  f o r  ene rgy :  
H Hard Coa l ,  
G G a s  , 
L L i q u i d  F u e l ,  
E E l e c t r i c i t y .  
The l a b e l s  f o r  t h e  r a w  d a t a  are as f o l l o w s :  
Macroeconomic d a t a  
(LL)  MGDS GDP C o n s t . ,  
MGDR GDP C u r r e n t ,  
MCP I Consumer P r i c e  Index ,  
MPOP Population, 
MEXR Exchange Rate US - ..., 
MWAR Wage Rate, 
MCDG Capital Good Deflator, 
MWEY Weather Year, 
MWEQ Weather Quarter, 
(LL) 1.. . 7  available; 
Quantity data 
(LL) QG (MI (K) 
(LL) 1 . . . 7  available, 
(M) 1...4 I1  
(K) 1. ..4 11 
Price data 
(LL) PR (MI (K) 
(LL) 1 . . . 7  available, 
(M) 1...4 11 
(K) 1...4 11 
2.3 Transformation of Data for the Analysis of Individual 
Countries 
Macroeconomic data 
Real per capita' GDP: 
Y (LL) = (LL) MGDS/ (LL) MPOP . 
GDP deflator: 
P (LL) = (LL) MGDR/ (LL) MGDS . 
Quantity and prices 
The study considers the total net consumption of fuel in 
each sector and ignores the composition of the total consumption 
between fuels. This is based on the hypothesis that within 
each sector there is a subclass of fuels which are perfect 
substitutes, and for equal levels of nonfuel cost interfuel 
competition will be determined by the relative net price of 
fuels. To make the definition operational we need to convert 
the quality of each fuel from natural units into a universal 
calorific power (lo6 Btu) and to assess the efficiency of each 
fuel in each sector. The estimated conversion coefficients 
CONV (K) and efficiency constant VEFF (M) (K) are as follows : 
e f f i c i e n c y  
c o n s t a n t s  
set  e q u a l  t o  
I n d u s t r y  
( M )  = 1-5 ( f o r  ( M )  = A ,  see below)  . 
Then t h e :  
n e t  e n e r g y  consumpt ion  f o r  e a c h  f u e l  i n  e a c h  s e c t o r  i s  
QN(LL) ( M )  ( K )  = (LL)QG ( M )  ( K )  VEFF ( M )  ( K )  CONV(K) ; 
p r i c e  p e r  u n i t  n e t  e n e r g y  i s  
PN (LL) ( M )  ( K )  = (LL) PR ( M )  ( K )  /VEFF ( M )  ( K )  ; 
s e c t o r i a l  a g g r e g a t e  n e t  q u a n t i t y  i s  
4 
SQN (LL) ( M I  = .x QN (LL) ( M )  i 
K= 1 
s e c t o r i a l  n e t  p r i c e  i s  
4 
SPN(LL) ( M )  = 1 ZQ(LL) ( M I  ( K )  PN (LL) ( M I  ( K )  
K= 1 
where  
ZQ(LL) ( M )  ( K )  = t h e  s h a r e  o f  t h e  f u e l s  i n  t h e  a g g r e g a t e  
consumpt ion  o f  a  s e c t o r  ; 
S e c t o r i a l  p r i c e s  a r e  c o r r e c t e d  by t h e  GDP d e f l a t o r :  
S p e c i a l  Case :  S e c t o r s  0 and  A (and  N )  
- Q u a n t i t y  
Energy Consumption i n  S e c t o r  O t h e r :  
(LL)QGO ( K )  = (LL)QGI ( K )  - (LL)QGN ( K )  . 
Energy Consumption i n  Aggrega te :  
- P r i c e s  
F o r  Energy and O t h e r ,  p r i c e  i s  set  equa l .  t o  I n d u s t r y :  
(LL) PR ( M )  ( K )  = (LL) PRI ( K )  
M = 0 , N  
F o r  A g g r e g a t e ,  p r i c e  i s  e q u a l  t o  w e i g h t e d  a v e r a g e  o f  I n d u s t r y ,  
T r a n s p o r t  and  Domest ic  p r i c e s :  
PN (LL)A ( K )  = 1 ZS (LL) (14) ( K )  PN (LL) ( M )  ( K )  . 
M=I,T,D 
- E f f i c i e n c y  f o r  A g g r e g a t e  Only 
(LL) VEFFA ( K )  = QN (LL) A ( K )  / (LL) QGA ( K )  . 
2.4 P o o l i n g  o f  D a t a  
The a p p r o a c h  t o  p o o l i n g  i s  g i v e n  b r i e f l y  i n  t h e  Annex. The 
d a t a  f rom s e v e r a l  c o u n t r i e s  are p u t  t o g e t h e r  and t r e a t e d  as i f  
t h e y  w e r e  s e q u e n t i a l  o b s e r v a t i o n s .  The g o a l  is  t o  o b t a i n  a 
l a r g e r  number o f  o b s e r v a t i o n s  f o r  t h e  r e g r e s s i o n  a n a l y s i s .  The 
e f f e c t s  on  t h e  c o u n t r y  a r e  r e p r e s e n t e d  by dummy v a r i a b l e s .  T h e s e  
dummy v a r i a b l e s  h a v e  t h e  form: 
Ones a r e  f o r  t h e  o b s e r v a t i o n s  o f  t h e  c o u n t r y  c o n s i d e r e d ,  and 
z e r o e s  a r e  f o r  a l l  o t h e r  c o u n t r i e s .  B e f o r e  p o o l i n g ,  t h e  
macroeconomic d a t a  and  p r i c e  d a t a  u s e d  f o r  t h e  a n a l y s i s  o f  
t h e  i n d i v i d u a l  c o u n t r y  a r e  t r a n s l a t e d  i n t o  a " u n i v e r s a l "  
s t a n d a r d  o f  v a l u e  ( d o l l a r s )  f o r  a g i v e n  y e a r  (1  960)  : 
S e c t o r i a l  p r i c e s  i n  " u n i v e r s a l  c u r r e n c y " :  
SPD (LL)  ( M I  = SPN (LL)  ( M I  /EXRT (LL)  . 
Income i n  " u n i v e r s a l  c u r r e n c y " :  
Y D ( L L )  = Y ( L L ) / E X R T ( L L )  . 
The c o n v e r s i o n  c o n s t a n t  EXRT h a s  t h e  f o l l o w i n g  v a l u e s :  
GE 3.53  FR 4.22 
IT  497 US 1 .  ( b a s i s )  
NE 2 .7  BE 41 .2  . 
UK .312 
C o r r e s p o n d i n g  t o  t h e  s p e c i f i c a t i o n  (see Annex) ,  t h e  
f o l l o w i n g  d a t a  are u s e d  f o r  p o o l i n g :  
a. SQN (LL) (M) lag 0,-1 
b. SPD (LL) (M) 
c. YD (LL) 
d. (LL) MWEY lag 0 t 
and stored under the following labels as time series with 82 
observations: 
a. AGG(M)QO 
AGG (M) Q1 1 
AGG (M) P3 t lag of the variable. AGG (M) P4 Q stands for SQN 
AGG (M) P 1 
AGG (M) P2 
c. AGG(M)YO ( P stands for SPD 
last digit of the 
label identifies the 
AGG(M)Y1 I Y stands for YD 
d. AGG (M) WO J W stands for MWEY 
All income data are independent of (M). 
All weather data are independent of (M). 
3. PROGRAM USED TO PERFORM THE ECONOM~TRIC ANALYSIS 
The program system used is called IAS (Interactive Simulation 
System); it was developed at the Institute for Advanced Studies, 
Vienna, and has been in use since January 1974. Nearly all 
computations in the area of econometric work and forecasting 
done at the department of economics of this institute and at 
the Austrian Institute for Economic Research, Vienna, were 
performed with this programming system on a UNIVAC 1106 owned 
by both institutes. 
The IAS System was designed to make econometric analysis 
as convenient as possible and thus more attractive to 
economists who refrain from empirical work because of the 
technical problems involved. Characterizing a time series by 
its spectral shape or testing a hypothesis with a regression 
is almost as easy as performing operations with a desk calculator. 
IAS has the following main capabilities: 
- file system (DATABASE) for time series and cross-sectoral 
data, 
- file system for model equations, 
- model simulation language, 
- parameter estimating techniques (all standard techniques 
used in econometric work), 
- time series analysis (also spectral analysis), 
- deterministic and stochastic simulation, 
- various input, output, transformation, and documentation 
routines. 
The output of the program is self-documenting and can be used 
directly for publication. 
One of the program's major drawbacks has turned out to be 
the price factor. Computing time on the UNIVAC 1106 is rather 
expensive and IAS performs many input/output operations. More 
details of the IAS system are given in the User Handbook of 
IAS, which is available in the IIASA computer center.4 
4 ~ e e  K. Plasser and S. Schleicher, "~eniitzer Handbuch 
IAS-SYSTEM LEVEL 2.3," mimeographed manuscript (Institute for 
Advanced Studies, Vienna, July 1 975) . 
ANNEX 
International Econometric Analysis of Energy Demand 
Plamen Tsvetanov 
1. GENERAL REMARKS 5 
1.1 Scope of the Work 
- A series of studies to cover some characteristic 
countries--mainly the countries with developed market 
economies and the Eastern European countries with 
planned economies. 
- The work covers the aggregate energy demand and the 
energy demand in the domestic, transportation, industrial 
(nonenergy) and energy sectors. 
- The third remark on scope which I should like to make 
is that the first step of these studies would be the 
analysis of the individual countries. The second, would 
be the cross-section analysis for countries with the 
same kind of economy, and the third step would be an 
international analysis of the countries with planned 
and market economies. 
1 .2 Problems 
This international approach causes some problems: 
- Gathering of adequate data is one of the most crucial 
and difficult tasks. For a number of countries some 
of these data are not complete. 
- In many empirical studies, a constant elasticity model 
is specified. For the purposes of cross-section 
analysis a variable elasticity model would allow some 
degree of heterogeneity between countries. In the VEM 
the value of the elasticity for a particular factor 
depends on the level of the factor. 
5 ~ o r  more information see P. Tsvetanov and W.D. Nordhaus, 
"Problems of Energy Demand Analysis,""in Proceedings of the 
Workshop on Energy Demand, May 22-23, 1975, CP-76-1 (International 
Institute for Applied Systems Analysis, Laxenburg, Austria, 
1976). 
- The lagged response of energy demand e f f e c t s  t h e  
r e l a t i o n s h i p s  between t h e  use  of f u e l  and t h e  e x i s t i n g  
s t o c k s  of equipment and app l i ances .  Two main d i f f i c u l t i e s  
a r i s e  i n  t h e s e  s t u d i e s :  F i r s t ,  t h e  t ime response i s  
q u i t e  long (5-10 y e a r s )  w i th  r e s p e c t  t o  t h e  sample 
pe r iods  f o r  an i n d i v i d u a l  count ry  (15-20 y e a r s ) .  Second, 
t h e  choice  of t h e  l a g  s t r u c t u r e  1s a  d i f f i c u l t  p r o b l e m  
connected wi th  t h e  l a g  of a l l  v a r i a b l e s ,  t h e  
a u t o c o r r e l a t i o n s  between t h e  e r r o r s ,  r e l a t i o n s h i p s  
between t h e  l e n g t h  of t h e  l a g  and t h e  degree  of 
polynomial t o  be i n v e s t i g a t e d ,  e t c .  
1 .3  P u r ~ o s e s  of t h e  S t u d i e s  
- Analys i s  of f a c t o r s  and methods of f o r e c a s t i n g .  
- Choice of s t r u c t u r e  of models f o r  d i f f e r e n t  economies. 
- Short-run and long-run e l a s t i c i t i e s  f o r  d i f f e r e n t  
s e c t o r s  and c o u n t r i e s  and groups of c o u n t r i e s .  
- Recommended models f o r  shor t - run and medium-run 
f o r e c a s t i n g  of energy demand f o r  d i f f e r e n t  groups of 
c o u n t r i e s .  
- I n t e r n a t i o n a l  a n a l y s i s  of t h e  energy demand i n  planned 
and market economies. 
A f u t u r e  s t e p  would be t o  combine t h e  determinant  of energy 
demand wi th  t h e  models of economic growth of t h e s e  c o u n t r i e s .  I 
1 . 4  What i s  t h e  S t a t u s  Now? - 
From t h e  beginning,  we have been a b l e  t o  o b t a i n  pre l iminary  
r e s u l t s  from d a t a  mainly f o r  c o u n t r i e s  wi th  market economies. 
For t h e  c o u n t r i e s  of Eas te rn  Europe, inc lud ing  t h e  USSR, we 
have s t a r t e d  c o l l e c t i n g  a v a i l a b l e  d a t a  and making a  p re l imina ry  
a n a l y s i s  of t h e  f a c t o r s  and t h e  methods of f o r e c a s t i n g .  This  
work i s  i n  p rog res s .  
2.  ECONOMETRIC ANALYSIS OF A GROUP OF WESTERN COUNTRIES 
2 . 1  General Framework 
Count r ies  inc luded:  Belgium, France,  t h e  Federa l  Republic 
of Germany, t h e  Nether lands ,  I t a l y ,  t h e  United S t a t e s  and t h e  
United Kingdom. 
- The s tudy  c o n s i d e r s  t h e  n e t  aggrega te  and consumer 
s e c t o r ' s  energy consumption. 
- Income, p r i c e s  and popula t ion  a r e  t h e  de t e rmina t ive  
f a c t o r s  of t h e  energy consumption. 
- Two l e v e l s  of i n v e s t i g a t i o n :  i n d i v i d u a l  c o u n t r i e s '  
a n a l y s i s  and p o o l i n g  of  t h e  seven  c o u n t r i e s '  d a t a .  
2 .2  I n d i v i d u a l  C o u n t r i e s '  A n a l y s i s  
Two s p e c i f i c a t i o n s  a r e  t e s t e d :  a  g e o m e t r i c  l a g  and two 
v a r i a n t s  (B1 and B 2 )  of  a n  e q u a t i o n  w i t h  polynomial  l a g  s t r u c t u r e :  
where 
( B 2 )  : To = 0 ,  T1 = 5 ,  W .  q u a d r a t i c ,  W6 = 0 , 
1 
and 
Qt = p e r  c a p i t a  n e t  ene rgy  consumption,  
Pt = r e l a t i v e  n e t  p r i c e  of e n e r g y ,  
Yt = p e r  c a p i t a  r e a l  GDP. 
D e t a i l e d  r e s u l t s  f o r  t h e  s h o r t - r u n  and long-run e l a s t i c i t i e s  
a r e  g i v e n  i n  a  paper  o f  P r o f e s s o r  Nordhaus.6 W e  f o c u s  o n l y  on 
t h e  long-run e l a s t i c i t i e s  of  t h e  s p e c i f i c a t i o n  B1, which gave  
t h e  l o w e s t  s t a n d a r d  e r r o r s .  Before  t u r n i n g  t o  t h e  r e s u l t s ,  I 
would l i k e  t o  remark t h a t  t h e  long-run e l a s t i c i t y  i s  d e f i n e d  a s  
p e r c e n t a g e  change i n  n e t  ene rgy  demand p e r  y e a r  a f t e r  t h e  e n t i r e  
l a g  i s  i n c l u d e d ,  d i v i d e d  by t h e  p e r c e n t a g e  change of  t h e  
e x p l a n a t o r y  f a c t o r  d u r i n g  t h e  c u r r e n t  y e a r .  S i n c e  t h e  LRE1s 
c h a r a c t e r i z e  t h e  f i n a l  r e s p o n s e  o f  t h e  energy  demand t o  t h e  
change of a  d e t e r m i n a t i v e  f a c t o r ,  t h e y  a r e  t h e  main t a s k  of 
t h e  i n v e s t i g a t i o n .  I f  a  s e c t o r  h a s  a n  a b s o l u t e  v a l u e  of LRE 
f o r  a  f a c t o r  ( f o r  example,  income o r  p r i c e )  g r e a t e r  t h a n  u n i t y ,  
w e  w i l l  s a y  t h a t  t h e  energy  consumption of  t h i s  s e c t o r  i s  
income ( o r  p r i c e )  e l a s t i c - - i f  less,  i n e l a s t i c .  
L e t  u s  now proceed t o  t h e  r e s u l t s .  These r e s u l t s  f o r  t h e  
6 ~ h i s  work was headed by P r o f e s s o r  Nordhaus. D e t a i l e d  
r e s u l t s  a r e  g i v e n  i n  W . D .  Nordhaus, "The Demand f o r  Energy: 
An I n t e r n a t i o n a l  P e r s p e c t i v e , "  i n  P r o c e e d i n g s  of t h e  Workshop 
on Energy Demand, May 22-23, 1975, CP-76-1 ( I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Appl ied  Systems A n a l y s i s ,  Laxenburg, A u s t r i a ,  
1 9 7 6 ) .  
a g g r e g a t e  ( f o r  t h e  economy o f  a c o u n t r y  a s  a whole )  and  f o r  t h e  
f o u r  consumer s e c t o r s  are g i v e n  i n  T a b l e  1 .  
W e  w i l l  n o t  a n a l y z e  t h e  r e s u l t s  i n  d e t a i l .  A g e n e r a l  
a s s e s s m e n t  and  c o n c l u s i o n s  are  easier t o  make w i t h  t h e  a i d  o f  
a  g r a p h i c a l  p r e s e n t a t i o n  ( F i g u r e  1 ) .  These  f i g u r e s  show t h a t  
f o r  t h e  a g g r e g a t e ,  t h r e e  c o u n t r i e s  have  r a t h e r  h i g h  income 
e l a s t i c i t i e s  and  a n o t h e r  t h r e e  have  r a t h e r  low e l a s t i c i t i e s .  
T h e r e  i s  no c l e a r  i n d i c a t i o n  as t o  w h e t h e r  e n e r g y  t e n d s  t o  grow 
f a s t e r *  o r  s l o w e r  t h a n  income. 
The pr ice  e l a s t i c i t i e s  are h i g h l y  v a r i a b l e  and  n o t  w e l l  
d e t e r m i n e d :  t h r e e  c o u n t r i e s  ( I t a l y ,  t h e  N e t h e r l a n d s  and  t h e  
U n i t e d  S t a t e s )  a r e  p r i c e  e l a s t i c ,  t w o  ( F r a n c e  and  t h e  F e d e r a l  
R e p u b l i c  o f  Germany) have  i n c o r r e c t  s i g n s .  
Domest ic  sector.  The income e l a s t i c i t i e s  are p o s i t i v e ,  b u t  
show some i r r e g u l a r i t y  across t h e  s a m p l e s .  The p r i c e  
e l a s t i c i t i e s  are c o n s i s t e n t l y  ( e x c e p t  f o r  F r a n c e )  n e g a t i v e .  
The c o m p o s i t e  s t a t i s t i c s - - g r e a t e r  t h a n  u n i t y - - i n d i c a t e  t h a t  
t h e  sector is  p r i c e  e las t ic .  
T r a n s p o r t .  H i g h l y  income e las t i c :  a l l  s i x  c o u n t r i e s  have  
income e l a s t i c i t y  g r e a t e r  t h a n  u n i t y .  (Fo r  h i g h  income 
c o u n t r i e s - - t h e  U n i t e d  S t a t e s  and  t h e  F e d e r a l  R e p u b l i c  o f  Germany-- 
t h e  income e l a s t i c i t y  is v e r y  close t o  u n i t y ,  w h i l e  t h e  medium 
and  low income c o u n t r i e s - - e s p e c i a l l y  I t a l y  and t h e  U n i t e d  
Kingdom--have v e r y  h i g h  income e l a s t i c i t i e s . )  The o v e r a l l  
i m p r e s s i o n  i s  t h a t  t r a n s p o r t  demand i s  q u i t e  p r i c e  i n e l a s t i c .  
I n d u s t r y  (nonene rgy )  s e c t o r .  Income e l a s t i c i t i e s  
s c a t t e r e d  a round  demand u n i t y  are w e l l - d e t e r m i n e d .  P r i c e  
e l a s t i c i t i e s  show a p a t t e r n  o f  i n s t a b i l i t y .  
Energy  s e c t o r .  I t  s h o u l d  b e  n o t e d  t h a t  t h i s  s e c t o r  h a s  a 
r a t h e r  d i f f e r e n t  c h a r a c t e r  f rom t h e  o t h e r  s e c t o r s .  Ene rgy  
consumpt ion  i s  i n  r e a l i t y  e n e r g y  consumed i n  t h e  t r a n s f o r m a t i o n  
o f  o n e  e n e r g y  fo rm i n t o  a n o t h e r ,  o r  i n  t h e  e x t r a c t i o n  o r  u p g r a d i n g  
o f  f u e l s .  The e n e r g y  sector e x h i b i t s  v e r y  low income e l a s t i c i t i e s .  
The p r i c e  e l a s t i c i t i e s  are q u i t e  mixed.  
The r e s u l t s  o b t a i n e d  f rom t h e  a n a l y s i s  o f  i n d i v i d u a l  
c o u n t r i e s  are n o t  e n t i r e l y  e n c o u r a g i n g .  T h i s  i s  l a r g e l y  owing 
t o  t h e  f a c t  t h a t  p r i c e  and income are  h i g h l y  c o l i n e a r  f o r  a n  
i n d i v i d u a l  c o u n t r y  and  t h e r e f o r e  t h e  data c a n n o t  d e t e r m i n e  t h e  
c o e f f i c i e n t s  w i t h  g r e a t  p r e c i s i o n .  The n e x t  s t e p  c o n s i s t s  i n  
combin ing  or p o o l i n g  t h e  d a t a  i n t o  a s i n g l e  r e l a t i o n s h i p .  
2 . 3  P o o l i n g  o f  C o u n t r i e s '  Da ta  
B r i e f l y ,  t h e  a p p r o a c h  i s  b a s e d  on  t h e  f o l l o w i n g  a s s u m p t i o n s :  
- The c o u n t r i e s  have  s i m i l a r  p r e f e r e n c e  and  p r o d u c t i o n  
f u n c t i o n s .  
T a b l e  1. I n d i v i d u a l  c o u n t r i e s ,  long-run  e l a s t i c i t i e s ,  
B1 s p e c i f i c a t i o n .  
No tes :  Comp. = c o m p o s i t e  e s t i m a t e  of c o e f f i c i e n t s .  
S e c t o r s  
Aggrega te  
Domestic  
T ranspor -  
t a t  i o n  
I n d u s t r y  
( e x c e p t  
ene rgy  
Energy 
Upper f i g u r e s  = e s t i m a t e d  c o e f f i c i e n t s .  
Lower f i g u r e s  i n  p a r e n t h e s i s  = s t a n d a r d  e r r o r s .  
F a c t o r s  
Income 
- 
P r i c e  
Income 
-. 
P r i c e  
Income 
P r i c e  
Income 
P r i c e  
Income 
P r i c e  
U n d e r l i n e d  f i g u r e s  = e l a s t i c  c o e f f i c i e n t s  ( a b s o l u t e  v a l u e  > u n i t y ) .  
On t h e  i n d i v i d u a l  c o u n t r y  l e v e l ,  r e s u l t s  f o r  Belgium a r e  n o t  c o m p l e t e .  I 
I 
F 
1 .17  
-
( . 0 9 )  
.10 
( . 26 )  
2.34 
-
( . 52 )  
. 22  
( .34)  
1 . 3 2  
-
( .08)  
- . I 5  
(. 13)  
.57  
( .16)  
- .38  
( . 16 )  
. 32  
( .19)  
-. 30  
( . 12 )  
FRG 
1.15  
-
( .13)  
. 7 0  
( .32)  
1 . 5 5  
( .28)  
-.68 
( .35)  
1 .19  
( .11)  
-.87 
(. 18)  
1 .24  
( .17)  
1 . 0 3  
-
( . 25 )  
- . I 3  
( .27)  
. 89  
( .50)  
UK 
.67 
( .09)  
-.26 
( .25)  
11.10 
( .32)  
- .30 
( .45)  
2 .11  
( .06)  
~ 
- . I 5  
( .21)  
.06 
( . l 5 )  
- .73 
( .31)  
-.94 
( .17)  
1 . 2 8  
( .73)  
I 
1 . 2 5  
-
( .13)  
-1.30 
( .21)  
.49 
( .29)  
-1.40 
( .25)  
1 .65  
( .11)  
- .60 
( .40)  
1 . 1 5  
( .19)  
- .96 
( .22)  
. 2 5  
( .30)  
-1.19 
( .35)  
E L A S T I C I T I E S  
NL 
-.48 
( .34)  
-1.20 
( . 25 )  
.OO 
( .63)  
-1.30 
( .33)  
1 .52  
( .20)  
-.37 
( .40)  
1 .72  
( .70)  
.02  
( .48)  
-.01 
( .89)  
- .52 
( .49)  
USA 
.32 
-
( . l o )  
-1 .73  
( .36)  
.27 
( .08)  
-1 .75  
( .21)  
1.01 
( . l 5 )  
. 
. 1 3  
( .47)  
.99  
( .13)  
- .35 
( .23)  
. 36  
( .07)  
- .71  
( .44)  
Comp . 
.84  
(. 11)  
-0 .66  
( .26)  
.44  
( .17)  
-1.14 
( .29)  
- 1 .68  
( . l o )  
- - - - -~. 
- .36 
( .22)  
. 78  
( .17)  
- .30  
( . 2 3 )  
. 18  
( .14)  
-. 3 3  
( .25)  
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Figure 1 .  Individual countries, long-run elasticities, B1 specification. 
. = .  - _ _  n: 1:. o 
F FRG I NL UK USA COMF! 
-1 .---------- --- ------ - - - -  
- 
- 
LRE 
- 
---------------- 
1 1  I -  1 1  1 ,  
- 
1 
0. 
U r n  I 
.--- 
- 1  
- - 
I I 11 u' I1 
F FRG I NL UK USA COMP 
.. --------- ---  ----- --- - -  
DOMESTIC SECTOR 
- INCOME LRE PRICE 
T F FRG I - NL UK usa' (BMP 
--- 
- 
- 1  
- - 
.--- - - - - - - - -  
------ - - - -  
I 111 
---- -- --- 
--- 1 '  
F FRG I NL UK USA COMR V F FRG I NL UK USA COMF! 
- C o u n t r i e s  have a  d i f f e r e n t  l e v e l  of  ene rgy  demand owing 
t o  t h e  d i f f e r e n c e s  i n  income and r e l a t i v e  p r i c e s  b u t  
t h e  e l a s t i c i t i e s  of  p r i c e s  and incomes a r e  t h e  same. 
- Other  v a r i a b l e s :  wea the r ,  i n d u s t r i a l  s t r u c t u r e ,  road  
network,  etc .  have c o u n t r y  e f f e c t s  and c o u l d  be  
r e p r e s e n t e d  by dummy v a r i a b l e s .  
- S h o r t  and long-run income e l a s t i c i t i e s - - e q u a l .  
- Lag f o r  p r i c e  l i n e a r  o v e r  a  f i v e  y e a r  p e r i o d .  
The s p e c i f i c a t i o n  based on t h e s e  assumpt ions  i s  t h e  
f o l l o w i n g :  
where 
*t,i 
= p e r  c a p i t a  n e t  ene rgy  consumption,  
't,i = r e l a t i v e  n e t  p r i c e  of  e n e r g y ,  
Y t , i  = p e r  c a p i t a  r e a l  GDP, 
a = i n d i v i d u a l  c o u n t r i e s '  e f f e c t s ,  i 
B = common long-run p r i c e  e l e s t i c i t y ,  
Y = common long-run income e l a s t i c i t y .  
The r e s u l t s  f o r  poo led  d a t a ,  t h e  a g g r e g a t e  f u n c t i o n ,  and t h e  
energy  consumption f u n c t i o n s  f o r  t h e  f o u r  ene rgy  s e c t o r s  a r e  
shown i n  Tab les  2 and 3 .  
The a g g r e g a t e  consumption f u n c t i o n  c o n c e r n s  t h e  energy  
demand f o r  a  c o u n t r y  a s  a  whole. The c o u n t r i e s  have common 
p r i c e  and income long-run e l a s t i c i t i e s .  The dummy v a r i a b l e  
i n d i c a t e s  whether  t h e  c o u n t r y  a p p e a r s  d i f f e r e n t  from t h e  Uni ted  
S t a t e s .  The p r i c e  and income e l a s t i c i t i e s  a r e  modera te  and w e l l -  
de te rmined .  The r a n k i n g  of economies by energy i n t e n s i v e n e s s  
i s  t h e  f o l l o w i n g :  Belgium, t h e  Uni ted  Kingdom, t h e  Uni ted  S t a t e s ,  
t h e  F e d e r a l  Republ ic  of  Germany, t h e  N e t h e r l a n d s ,  F rance  and 
I t a l y  ( t h e  p a t t e r n  of  r e s u l t s  v a r i e s  f o r  d i f f e r e n t  s e c t o r s ,  
however) . 
The energy  consumption f u n c t i o n s  concern  t h e  f o u r  consumer 
s e c t o r s .  The p r i c e  and income e l a s t i c i t i e s  v a r y  from s e c t o r  t o  
s e c t o r  and a r e  a l l  we l l -de te rmined .  The income e l a s t i c i t i e s  
f o r  t h e  t r a n s p o r t a t i o n  s e c t o r  a r e  v e r y  h i g h .  A s  t h e  t r a n s p o r t  
T a b l e  2 .  R e s u l t s  of  pooled  d a t a :  a g g r e g a t e  energy 
consumption f u n c t i o n s .  
Notes:  
'USA 
qt , i  = p e r  c a p i t a  n e t  ene rgy  consumption.  
't,i = r e l a t i v e  n e t  p r i c e  of energy.  
D .  
1 
' t ,i = p e r  c a p i t a  r e a l  GDP. 
U K 
qty i '  p t y i y  't,i -- in n a t u r a l  l o g a r i t h m s .  
a .  = a 
1 USA + Di* 
D .  = dummy c o u n t r y  v a r i a b l e s .  
1 
Upper f i g u r e s  = e s t i m a t e d  c o e f f i c i e n t s .  
Lower f i g u r e s  i n  p a r e n t h e s i s  = s t a n d a r d  e r r o r s .  
FRG F  I B NL 
Table 3. Results of pooled data: energy 
consumption functions. 
'ti =ai+B [ C 0 . 2 ~  t-8, i I+Y[ 0 . 5 ~  .I 8=0 t-8,1 8=0 
Notes: 
't,i = per capita net energy consumption. 
a.=a +Di 
1 U . S . A .  
Industry 
(except energy) 
Energy 
Transportation 
Domestic 
Pt,i = relative net price of energy. 
B 
-. 52 
(.17) 
-. 58 
(-12) 
-.36 
(.12) 
-.79 
(.08) 
Yt,i = per capita real GDP 
Y 
.76 
(.16) 
.05 
(.12) 
1.34 
(.80) 
1.08 
(.12) 
qtyi9 't7i7 'tYi --in natural logarithms. 
a .  - 
1 - OGSA + Di. 
a USA 
2.98 
(.lo) 
3.12 
(.12>- 
1.84 
m) 
3.31 
(.20) 
D. 
1 
D. = dummy country variables. 
1 
Upper figures = estimated coefficients. 
UK 
.08 
(.19) 
-.37 
(.06) 
-.37 
(.06) 
.24 
(.03) 
Lower figures in parenthesis = standard errors. 
Underlined figures = elastic coefficients (absolute errors 
value > unity). 
FRG 
.28 
(.06) 
-.21 
(.07) 
-.63 
(.05) 
-.05 
(.07) 
NL 
-.34 
(.05) 
-.63 
(.04) 
-.44 
(.05) 
-.09 
(.05) 
B 
.19 
(.07) 
-.60 
(.06) 
-.59 
(-06) 
.11 
(.03) 
F 
-.I9 
(.05) 
-.91 
(.07) 
-0.74 
(.09) 
-.39 
I 
-.11 
(.08) 
-1.41 
(.06) 
-.35 
(.06) 
-.46 
(.04) 1 (.07) 
I 
s e c t o r  i s  l a r g e l y  road  t r a n s p o r t ,  which i s  h i g h l y  income e l a s t i c ,  
t h e  income e l a s t i c i t y  f o r  t r a n s p o r t a t i o n  i s  n o t  s u r p r i s i n g .  
The r e s u l t  f o r  t h e  e n e r g y  s e c t o r  i n d i c a t e s  t h a t  t h e  t r a n s f o r m a t i o n  
p r o c e s s e s  o f  e n e r g y  a r e  n o t  r e l a t e d  t o  income. 
C o n s i d e r i n g  t h e  p r i c e  e l a s t i c i t i e s ,  it may b e  s e e n  t h a t  i n  
a l l  o f  t h e  f o u r  demand s e c t o r s  t h e  p r i c e  e l a s t i c i t i e s  have  t h e  
r i g h t  s i g n .  The magn i tudes  o f  t h e  e l a s t i c i t i e s  i n d i c a t e  t h a t  
t h e  long-run  r e s p o n s e  o f  e n e r g y  consumpt ion  t o  p r i c e  i s  modera t e .  
They i n d i c a t e  t h a t  t h e  most  i n e l a s t i c  i s  t h e  t r a n s p o r t  s e c t o r ,  
which i s  p l a u s i b l e ,  s i n c e  t h e r e  i s  p r o b a b l y  less p o s s i b i l i t y  
f o r  t e c h n o l o g i c a l  s u b s t i t u t i o n  i n  t h i s  f i e l d .  
2 . 4  Conc lus ion  
I have  p r e s e n t e d  h e r e  b r i e f l y  t h e  p r e l i m i n a r y  r e s u l t s  o f  
a  s t u d y  from t h e  series of  e c o n o m e t r i c  s t u d i e s  on e n e r g y  demand 
from a n  i n t e r n a t i o n a l  p e r s p e c t i v e .  The c o n c l u s i o n  i s  t h a t  on 
t h e  l e v e l  o f  t h e  i n d i v i d u a l  c o u n t r y ,  t h e  r e g r e s s i o n  r e s u l t s  
show c o n s i d e r a b l e  l a c k  o f  p r e c i s i o n ,  a s  w e l l  as a c e r t a i n  number 
o f  c o n t r a d i c t o r y  c o n c l u s i o n s .  
The c o n c l u s i o n ,  when t h e  d a t a  o f  t h e  seven  c o u n t r i e s  are 
p o o l e d ,  i s  t h a t  t h e  r e s u l t s  mark c o n s i d e r a b l e  improvement o v e r  
unpooled d a t a .  The second c o n c l u s i o n  i s  t h a t  f o r  t h e  c o u n t r i e s  
w i t h  marke t  economy t h e  n e t  ene rgy  consumption o f  t h e  a g g r e g a t e  
economies,  as w e l l  as  d i f f e r e n t  s e c t o r s ,  i s  r e l a t i v e l y  w e l l  
e x p l a i n e d  by p o p u l a t i o n ,  p e r  c a p i t a  income and r e l a t i v e  p r i c e s  
( w i t h  c o u n t r y  dummy v a r i a b l e s  95  t o  99 p e r  c e n t  o f  t h e  v a r i a n c e  
o f  t h e  sample)  . 
The r e s u l t s  show a l s o  t h a t  t h e  income e l a s t i c i t i e s  are 
r e l a t i v e l y  low and t h e  p r i c e  e l a s t i c i t i e s ,  a l l  n e g a t i v e  and 
modera t e .  These  r e s u l t s  are q u i t e  e n c o u r a g i n g .  An i m p o r t a n t  
a p p l i c a t i o n  o f  t h e  f i n a l  r e s u l t s  ( t h i s  work i s  now under  way) 
i s  t h e  f o r e c a s t i n g  o f  t h e  growth  o f  e n e r g y  demand o v e r  t h e  
s h o r t  and medium r u n .  Very p r e l i m i n a r y  p r o j e c t i o n s  w e r e  made 
f o r  t h e  Un i t ed  S t a t e s .  Emphasis was p l a c e d  on t h e  u n c e r t a i n t y  
o f  t h e s e  r e s u l t s .  I t  w a s  conc luded  t h a t  t h e  s t a t i s t i c a l  
u n c e r t a i n t y  o f  t h e  p r o j e c t i o n  o f  e n e r g y  demand a t  t h e  end o f  
t h e  c e n t u r y  i s  e q u a l l y  owing t o  u n c e r t a i n t i e s  a b o u t  p r i c e  and 
income and  t o  t h e  u n c e r t a i n t y  a b o u t  t h e  s t r u c t u r e  o f  t h e  
e q u a t i o n .  
3 .  FUTURE WORK 
- S p e c i a l  s t u d y  on s p e c i f i c  problems o f  t h e  s t a t i s t i c a l  
a n a l y s i s  o f  e n e r g y  demand d a t a .  
- C o u n t r i e s  w i t h  p l anned  economies:  o b t a i n i n g  d a t a  and 
e n e r g y  demand a n a l y s i s .  
- Comparison of t h e  energy demand i n  p lanned and market  
economies.  
A f u t u r e  s t e p  would be  t o  dynamize t h e  d e t e r m i n a n t s  of  t h e  
economet r i c  models i n t e g r a t i n g  t h e s e  models w i t h  t h e  macro- 
economic models of t h e s e  g roups  o f  count r ies - -work  which c o u l d  
be a p a r t  o f  a world ene rgy  model. 
